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1 
This invention relaes toele-ctsnëmitteï'sàrid 
tothe method 0f-tlieir preparati6nforusein 
electron discharge devices. 
Althotigh there has been some indication in the 
literature that it was recognized that alkali metal 5 
oxides could be vaporized onto electrodes to 0b « 
taina rhin monatomic layer which would possess 
g6od secondary emifision, in fact, superior to-that 
obtairied with monatomic layers of the alkali 
metals themselves, no process suitable, for coin- 10 
mërCial àdaptà.tion had previously beén devised 
which wouldpemit of the Prep#ation Of-ttiese 
materials ïn-this mànner. In contrast to the 
Ikali eärth metals, compounds of the alEali 
metals such as cesium Carbonate are very deli- 15 
quescent and Wfll hot remain in the solid state 
for a sufficient length of rime to permit of their 
being treated by a vaporization process, that is in 
any männer Vhich is cornmercially feasible. 
For this-reasón commeFcial operations have 20 
heretofore been limited to the use of the alkali 
mètals as such. When tk/êse are used it is well 
ln0Wn in manufacturing circles that several 
Cycles of .parking, rebaking and reflashing have 
to be perf0rmed to-get Che right balance between 25 
electricàl, lêakage and electron emission. The 
electrical Ieakge is almost alway s high and often 
sb hfgh as to interfere with electric current 
measurements. This results in one of the pri- 
mary causes of noise and dark current. 30 
Thè .object of this invention is to provide a 
commercially satisfactory method of making a 
secor/dary electron emitter having a layer of an 
alkali metal compound. 
Another object of this invention is to provide a 35 
Commercially satisfactory method of applying 
cesium oxide to electrode materials by a vaporiza- 
tion teclïnique. 
A stiil futher oh je.cl of this invention is fo 
improve the quality Of such electrodes. 40 
it has been round that these objectives and 
other advantages can be obtained by operating 
in accordance with the teachings of this inven- 
tïon. 
 .In acc0rdance therewith, it has been round 45 
th-at SuI;àble sec-0ndary .lectron emitters can 
e "prpared by a còmïnercially satisfactory proc- 
ess when the alkali metal compounl such as 
CseCO, .is su.pended in a mixture of ethylcellulose 
anti amyl acetate and then either cataphoreticaI- 50 
ly deposited or sprayedonto a support from which 
if is subsequently vaporized by means of heat 
and deposited upon the electrode surface. 
Alth0ugh the techniques and teachings of this 
iriveiiibn can be applied to 'the ise of the alkali 5 

2 
earth metal compodnds,=the problems 
a.rt were greatest with-respect to the ailáli 
compounds. It is, thërèfore, particular!y;fti- 
fyg that compounds:of "cësi-whichin:addi - 
tion  having the higheSteltr0n emsivitytof 
the alkali metals,  the most active of all meIs 
and aiso e most elecsitivÇ, can 
applied by the meod of t invention... 
further gratfying in that Cesig. bas a repua- 
tion for beg one of the most dfficult-met 
handle particarly on-a ommercial scae=.whee 
it  economically U9und.pactice -hav e 
resort to spark and bang ch.ques .and 
where leakage pr0blems cannot be Idz. 
Since cesium bas been recogzed as be-one 
of the most dcult of the metals m ha£ie,.it:will 
readily be apparent that whenever cési 
given as an example in this .scffication,any.of 
the other aali metals as well  the akali eath 
metals could be substitud therefor._ 
The most satfacry compods ae. those 
which can be activad by the:heat reatment,.-0r 
example, th e çarbptes, flnorid:ad-chlorides 
(i. e. CF, B2, Cs2COs, .Bt2,/BaCOE)..-The 
carbonaes readfly lend .emselves . decomsi: 
tion byheat treatment  .form the odes. 
oxides in turn by further eating ome acti- 
vated. 
Silver compo bave been round t0 e 
sa51e addition agen wch nd  èacëte 
emission CharristiCs 0f the efectroe. êse 
compounds can be corrad and mikwih 
the alkaH mebal comunds as .they ae pt.!n 
suspeion. For th rêason the .preerzed 
ples of suitable susPeio'giVén .Herëfr 
include silver 6xide s oAe b'f the d06hëfft. 
 electronic tube Whidh- 
 hccorance with a preferéd mS0"dfit 0f 
this inventionis fllrà in'the dràs tn 
which: 
Fi. 1 is a. 10ngituifial-section. shb the 
arrgement of 
Fig. 2 is a-p]ne vieW 'ln h :Iihe "22 
. 1 and 
Pigure 4 is sëcional élëvti6n6f e 
rode shown- Pige 1. 
This ube c0nains flImeo fO 
a V8 mch diameMr hole  the i sUp0t :l 
with the grid beg positîoned 'béteen"the 
ment   and an electrode  8, thèsface..f 
electrode 8 beg coa:d Wit .g 
márial 2 andthën with a laër of 



ruera1 oxide or a.lkali metal compound 1. A 
getter 22 positioned near the top of the tube 
envelope 24 was used in the usual manner to 
clean up the residua! gases after the degassing 
operation. 
In order fo overcome the deliquescent nature 
of the alkali metals and their compounds, and 
stfll make feaaible the vaporization of such a]kali 
compounds ïrom a support onto a desired elec- 
trode surface, the alkali metal is preferab]y sus- 
pended in a solution of ethylcellulose in amyl 
acetate. It ha been round that if this is done, 
alkali metal compounds including those of cesium 
after being mflled, can be permitted fo stand for 
weeks and aïter rolling for one hour still retain 
the nature and consistency suitable or spraying 
or electrophoretic deposition. 
A preferred example of a spray suspension 
which bas consistently been used wlth success is 
ruade up as follows: 
Cesium carbonate--4 parts by weight 
Silver oxide--1 part by weight 
Amyl acetate--5 parts by volume 
Ethylcellulose---4.6 parts by welght in amyl ace- 
tate5 parts by volume 
Milling rime is approximately 24 hours. 
In accordance with another preferred embodi- 
ment of the spray solution of thls invention, 50 
cc. oï 4.6 percent ethy!cellulose in amyl acetate 
ls added to 50 grains of 80% cesium carbonate 
and 20% sflver oxide whereupon a further addi- 
tion of 50 cc. of amyl acetate can be added. 
The total mixture ls then milled for a period 
of 48 hours. 
This mixture upon being sprayed on the sur- 
face appears tobe stable in air and can readily 
be used as a source material for the vaporiza- 
tion of the alkali metal oxides, or other alka]i 
metal compounds. 
In those instances where it bas been round fo 
be advantageous fo bave the spray coating abra- 
sion resistant as well as stable it bas been round 
to be advantageous to bake the coating at 400 
fo 500 ° C. The resulting coating is hard, dry and 
capable of withstanding considerable abraion 
and can subsequently be broken down fo form the 
activated material. 
The stable surface obtained elther dlrectly 
after spraying or after the baking operation can 
now be used for the vaporization of a rhin coat- 
ing onto the secondary emission electrode or 
dynode. This can be accomplished in many 
ways. Preferably this is done by placing the ma- 
terial with its support within the tube during 
its fabrication, degassing the tube in the normal 
man_ner and then subsequently bombarding the 
coated area in ortier fo raise the temperature fo 
the point at which the alkali metal carbonate 
or other compound breaks down and vaporizes. 
In the case of the carbonate, the vapor is in 
the form of the oxide which is given off and is 
deposited in a rhin film on the other surfaces 
within the tube proper. Although this vaporiza- 
tion. will cause the oxides fo deposit on surfaces 
other than the dynode no electrical leakage will 
take place in view of the non-conductivity of the 
oxide as compared with that of the metal. Fur- 
thermore, when the other parts of the tube be- 
corne heated they will, in turn, give off the oxide 
which wi]l redeposit itself on cool surfaces with- 
in the tube which will include the dynode sur- 
face if proper precautions are taken during the 
aging in of the tube itself. 
In accordance with still another method, the 

support containing the alkall metal compound 
to be vaporized can be placed near a filament 
which can be heated to give off sufflclent heat 
to break down the alkali metal compound and 
 cause it fo vaporize. During the course of the 
work done in line with this invention, a tungsten 
filament was placed close to a nickel sleeve coated 
with an oxide of cesium whereupon the tungsten 
was kept ata yellow heat at the saine rime that 
10 the nickel sleeve was heated and cesium oxide 
evaporated on the tungsten. The emission ïrom 
this filament at 5 ° C. was about .5 amp. per 
centimeter squared altbough the filament was 
heated to 1500 ° C. for brightness as long as 
15 one hour, its activity was hot destroyed. Fur- 
thermore no leakage was observed. 
In accordance with another preferred embodl- 
ment of this invention, the sensitizing materlal 
can be coated on the back of the getter so that 
20 during the getter flash the alkali metal com- 
pound is volatflized and deposited on the sur- 
face of the dynode. A ceslum carbonate silver 
oxlde surface is preferred. When this is done, 
the following exhaust procedures are preïerably 
25 used. 
First the tube is baked out at 400 ° C. for about 
½ bout. Following this the grid is set at 60 
volts and the filaments kept at a red hot heat. 
At the saine rime the getter fs qulckly degassed 
30 and fiashed while vaporizing and spraying a 
mixture of cesium oxide, sflver oxide around the 
base of the tube. When this procedure is fol- 
lowed by a bombardment of the No. 1 grid, 
any cesium compound which bas been deposited 
5 thereon will be volatilized therefrom some of 
which will then re-deposit onto the dynode which 
is closely spaced therefrom, thus increasing its 
secondary emission properties. 
The composition of the material upon which 
:.0 the secondary emlsslon material ls deposited, 
also plays an important part in determining the 
secondary emission characteristics of the elec- 
trode. In accordance with this invention, it bas 
been round that inert materials having a low 
45 heat of formation in the oxide form such as rho- 
dium, platinum, gold, sllver, copper appear to 
give the best results when the secondary emis- 
sion surface is fo be operated ata relatlvely cool 
temperature. However, in those cases in whlch 
50 the secondary emisslon surface is to be oper- 
ated ata high temperature those materials whose 
oxides are somewhat conductive and bave a 
high heat of formation are possible. Such 
terla]s include the nickel iron chromium alloys 
55 and aluminum. 
Furthermore, it ls preferble fo keep the dy- 
node upon which the secondary emission ma- 
terlal is tobe deposited, ata negative potential 
during the evaporation of the alkali metal com- 
69 pound. This might be explained theoretically in 
that the keeping of a negative field potential on 
a dynode during the evaporation prevents elec- 
tron bombardment of the dynode during this 
period and thus provides a cooler surface for the 
65 condensation to take place. 
Furthermore, if any ions are ïormed in the 
intervening space, the negative potential wfll 
most probably produce the ions, and the cesium 
or other alkali metals being vaporized, will de- 
70 posit more accurately on the dynode surface. 
In actual practice, it bas been found that flash- 
ing in this manner bas enhanced the second- 
ary emission from initial values of three up to 
nine. 
75 Not oniy bas the process of this invention 



enabled us to successfully vaporize the alkali 
moral compoufids in a manner which is commer- 
cially feasible but it has enwbled us to provide 
secondary emission surfaces which would hold 
up and give satisfactory long lire in those cases 
when these surfaces are used in the close vicil]- 
ity to oxide coated cathodes. Normally when 
sec0ndarY emission surfaces are used in such 
manner, the oxide coated cathode must be shield- 
ed from the secondary emission surface, ttow- 
ever, surfaces prepared in acoordance with this 
invention, bave been used successfully .withfll a 
few thousandths of an inch of oxide coated cath- 
odes while maintaining lire proPerties for over 
200 hours. 
While the above description and drawings sub- 
mitted herewith disclose preferred and practical 
embodiments of the secondary emission electrodes 
and their method of manufacture, it will be un- 
derstood ,by those skitled in the art, that the 
specific details of manufacture as shown and de- 
scribed are by way of illustration and are hot 
to be construed as timiting the scope of the in- 
vention. 
What is claimed is: 
1. The method of preparing secondary elec- 
tron emitting electrodes comprising coating a 
support with an alkali metal compound sus- 
pended in ethyl cellulose, introducing said coat- 
ed support into a tube and placing it adjacent 
to an electrode of said tube, evacuating said 
tube, and forming a secondary electron emitter 
having a rhin monatomic layer of the alkali 
metal compound by vaporizing the atkali metat 
compound from said support ont said electrode 
while holding said electrode ai a negative poten- 
tial. 
2. The method of preparing secondary elec- 
tron emitting electrodes comprising coating a 
support with an alkati ruerai carbonate suspend- 
ed in ethyl cellulose, introducing said coated 
support into a tube and placing if adjacent to 
an electrode of said tube, evacuating said tube, 
and forming a secondary electron emitter hav- 
ing a rhin monatomic tayer of an a]kali metal 
oxide by vaporizing an a]kali metat oxide from 
said support onto said electrode while holding 
said electrode ata negative potentiat. 
3. The method of preparing secondary elec- 
tron emitting etectrodes comprising coating a 
support with an alkali metal fluoride suspended 
in ethyl cellulose, introducing said coated sup- 
port into a tube and placing it adjacent to an 
electrode of said tube, evacuating said tube, and 
forming a secondary electron emitter having a 
rhin monatomic tayer of an alkali ruerai fluoride 
by vaporizing the alkall metal fluoride from said 
support onto said electrode whfle holding said 
electrode ai a negative potential. 
4. The method of preparing secondary elec- 
tron emitting electrodes comprising coatng a 
support with cesium carbenate suspended in 
ethyl cellulose, introducing said coated support 
into a tube and placing it adjacent to an elec- 
trode of said tube, evacuating said tube, and 
forming a secondary electron emitter having a 
thin monatomic layer of the cesium oxide 
vaporizing the cesium oxide from said support 
onto said electrode while holding said e]ectrode 
at a negative potential. 
5. The method of preparing secondary elec- 
tron emitting electrodes comprising coating a 
support with an alkali ruerai compound sus- 

to an inert metal coated electrode of satd tube, 
evacuating said tube, and forming a secondary 
electron .emitter having a rhin monatomic layer 
of the alkati metal compound by vaporizing.the 
5 alkali ruerai comPOund from said support onto 
said inert metal coated electrode while holding 
said electrode ai a negative potential. 
6. The method of preparing secondary elec- 
tron emitting electrodes comprising coating a 
l0 support with cesium carbonate suspended in 
ethyl cellulose, introducing said coated support 
into a tube and placing it adjacent to an.elec- 
trode of said tube, said electrode being coated 
with an inel't metal, evacua.ting said tube, and 
5 forming a secondary e!ectron emitter having a 
rhin monatomic layer of cesium o×ide by vapor- 
izing cesium oxide from said support onto said 
precoated electrode while holding said electrode 
ai a negative potential. 
?.0 7. The method of preparing secondary electron 
emitting electrodes comprising coating a support 
with an alkali moral carbonate suspended in 
ethyl cellulose, introducing said coated support 
into a tube and placing it adjacent to an electrode 
25 of said tube, said electrode having a coating of 
an inert moral, evacuating said tube, and form- 
ing a secondaly electron emitter having a rhin 
monatomic layer of alkali metal oxide by vapor- 
izing the alkali metal oxide from said support 
:0 onto said electrode while holding said electrode 
at a negative potential. 
8. The method of preparing secondary elec- 
tron emitting electrodes comprising coating a 
support with barium carbonate suspended in 
.5 ethyl cellulose, introducing said coated support 
into a tube and placing it adjacent to an electrode 
of said tube, evacuating said tube, and forming 
a secondary electron emitter having a thin 
monatomic layer of barium oxide by vaporizing 
 0 the barium oxide from said support onto said 
electrode while holding said electrode ata nega- 
tire Potential. 
9. The method of preparing secondary electron 
emitting electrodes comprising coating a support 
with an alkali metal carbonate suspended in 
45 ethyl cellulose, introducing said coated support 
into a tube and placing if adjacent to a copper 
coated electrode of said tube, evacuating said 
tube, and forming a secondary e!ectron emitter 
having a thin monatomic layer of a]kali ruerai 
5O oxide by vaporlzing the alkali metal oxlde from 
said support onto said electrode while holding 
sald electrode ata negative potential. 
10. The method of preparing secondary elec- 
tron emitting electrodes comprising coating a 
55 support with cesium carbonate suspended in 
ethyl cellulose, lntroducing said coated support 
into a tube and placing it adjacent to a copper 
coated electrode of said tube, evacuating sald 
tube, and forming a secondary electron emitter 
60 having a rhin monatomic layer of cesium oxide 
by vaporizing the cesium oxide from said support 
onto said etectrode while holding said electrode 
at a negative Potentlal. 
11. The method of preparing secondary elec- 
65 tron emitting electrodes comprlsing coatlng a 
support with an alkall metal carbonate sus- 
pended in et!l cellulose, introducing said coated 
support into a tube and placing if adjacent to 
a nickel chromium iron alloy electrode of said 
ï0 tube, evacuating said tube, and forming a sec- 
ondary electron emitter having a rhin monatomic 
layer of the alkali metal carbonate by vaporizing 
the alkali metal carbonate from said support onto 

pended in ethyl cellulose, introducing said coat- said electrode while holding sald e!ectrode at a 
ed support lnto a tube and ptacing it adjacent 75 negative potential. 
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12. The method of preparlng secondary elec- 
tron emitting electrodes comprising coating a 
support with cesium carbonate and silver oxide 
suspended in ethyl cellulose, introducing said 
coated support lnto a tube and placing it adjacent 5 
to an electrode of said tube, said electrode having 
a coating of an inert material selected ïrom the 
group consisting of rhodium, silver, platinum, 
gold, coppor and nickel chromium alloys evacuat- 
ing said tube, and ïorming a secondait electron lo 
emitter having a rhin monatomic layer of cesium 
and silver oxide by vaporizing the cesium and 
silver oxide from said support onto said electrode 
whlle holding said electrode at a negative po- 
tentlal. 15 
HAIOLD JACOBS. 
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